Blood vessels: In man the minimum distance separating vessels from the peritoneal surface is 5 to 20 microns. Gotloib described the main population of rabbit mesenteric microvessels as true capillaries without perithelial cells (4) . The basement membrane underlining the endothelial cells is continuous. With increasing luminal diameter characterizing the postcapillary venules, the wall thickness gradually increases, mainly due to increasing numbers of perithelial cells.
Numerous vesicles are also present in the endothelial cells. They are occasionally aligned in a chain-like manner, apparently crossing one cell from side to side (4) .
Lymphatics: Peritoneal lymphatics, present mainly on the diaphragmatic peritoneum, have also been found in the mesentery, where they form a network; the lymphatic channels are covered by about 4% of the mesothelial surface (4) . Lymphatics are very permeable because no basement membrane is lining them.
The peritoneum during CAPO
The peritoneum undergoes certain changes after several months of CAPO (6) . The interstitial edema and the increase in interwoven bundles of collagen fibers lengthens the distance between the mesothelial surface and the capillaries. The superficial structure of the mesothelium is usually well preserved even after several episodes of peritonitis. Hypervascularity is also frequently observed.
The diseased peritoneum
Verger et al investigated the morphological changes of the peritoneum of rats during peritonitis (7) . They observed that the junction between adjacent mesothelial cells are ruptured. Round cells move from underneath toward the peritoneal cavity. These cells are most likely macrophages. The separation of the mesothelial cells allows rapid mobilization of macrophages and leukocytes to the infected peritoneal surface. In severe cases the entire mesothelial surface can degenerate and desquamate. Hypervascularization, probably the result of opening of previously closed vessels is also present. The denudation of the mesothelium and the hypervascularization probably @ by Wichtig Editore. 1987 account for the increased peritoneal permeability during peritonitis. Because of these changes glucose from the dialysis solutions is absorbed at a higher rate and the osmotic gradient is dissipated rapidly. This results in the poor ultrafiltration and accounts for the increased insulin requirement observed during acute peritonitis in diabetic CAPD patients. Peritoneal transport properties recover quickly following treatment of peritonitis, often within 7 to 10 days (8), suggesting rapid healing of the denuded peritoneum.
Drying of the peritoneum can also induce mesothelial desquamation and permeability changes. Complete regeneration of the mesothelium is observed in non-dialyzed animals in 7 days.
The most worrisome complication of CAPD is sclerosing peritonitis in which the bowels are adhered and bound in a dense opaque cocoon. The peritoneal membrane becomes thick and sclerotic, the mesothelium disappears and the serosal surface becomes covered with fibrous tissue. The patient loses ultrafiltration capacity because of decreased pore area and hypopermeability and usually dies from bowel obstruction. This complication, reported mainly from Europe (9, 10) , is related to the use of chlorohexidine as an antiseptic (11) or of dialysis solutions containing acetate as a buffer and manufactured by a certain company.
Functional types of membrane failure
Peritoneal failure can be divided into failure of ultrafiltration without failure of solute clearance (Type I) and failure of both water and solute clearance (Type II). Type I failure is more common.
In Type I peritoneal failure patients exhibit enhanced transfer of glucose across the peritoneum. This dissipates the osmotic gradient faster than usual resulting in poor ultrafiltration and, in extreme cases, causing fluid absorption. Solute exchange is normal and biochemical control remains adequate, but ultrafilter capacity is lost.
In Type II peritoneal failure, patients cannot ultrafilter water despite a high osmotic gradient. Solute exchange is also impaired. In these patients the peritoneal membrane is probably so thickened that the permeability is very low or the total surface area is reduced. 
Pseudo ultrafiltration failure
These patients require more frequent hypertonic exchanges daily to maintain ideal weight. Ultrafiltration capacity, however, is intact; and the need for an increased number of hypertonic bags arises from increased fluid intake (12) .
Likewise, if there is a mechanical drainage problem, the residual volume in the peritoneal cavity may dilute the fresh dialysate resultinq in a low osmotic gradient and ultrafiltration capacity. Thus one should ensure adequate drainage of the peritoneal cavity before making the diagnosis of ultrafiltration failure.
Long term results of ultrafiltration in CAPO patients
Wideroe et al (13) studied ultrafiltration in nine CAPD patients for 14-40 months. The patients recorded each day their drainage volumes, fluid intake, strength of the dialysis solutions, and body weight.
All used a lactate base dialysis solution. An increase in ultrafiltration was noted in five patients and a decrease was noted in 4 patients. The decrease in ultrafiltration was noted in the first 12 months. The patients in whom ultrafiltration decreased appeared to have a more permeable membrane and a higher absorption rate of glucose from the dialysate. The equilibration of creatinine and B2-microglobulin across the membrane also appeared to be higher in these patients.
Reports on ultrafiltration failure in CAPO patients
Oreopoulos et al first reported ultrafiltration failure (14) in a patient on chronic intermittent peritoneal dialysis who was unable to continue on dialysis after eight years. Solute transport remained intact but ultrafiltration failure finally led to peritoneal dialysis being stopped.
Faller et al (15) first reported a gradual loss of ultrafiltration capability in CAPO patients. The requirement for hypertonic exchanges increased gradually, so that after 30 months all patients required 4 hypertonic bags per day. This complication disappeared once they started using dialysis solutions containing lactate instead of acetate and manufactured by another company.
Slingeneyer and Mion (16) also reported loss of ultrafiltration in their CAPO population in France. These patients had an actuarial risk of developing ultrafiltration failure of 10 and 30% at the end of one and two years respectively. Twenty four percent of their patients had to be ultimately transferred to haemodialysis because of loss of ultrafiltration.
An even more disturbing complication was that of sclerosing peritonitis, reported with high frequency from France (9, 10). These patients not only developed ultrafiltration failure but also progressive peritoneal sclerosis to the point that the bowels were entrapped in a fibrous cocoon (encapsulating or sclerosing peritonitis) leading to bowel obstruction and malabsorption. The process progresses despite stopping CAPO and even after a successful transplant. Fortunately this syndrome has not been reported in CAPO patients outside Europe. Gandhi et al. first reported five patients on intermittent peritoneal dialysis developing sclerosing peritonitis but these were patients with severe peritonitis who were dialysed with reverse osmosis machines and solutions containing acetate buffer (17) .
Causes of membrane failure
Several mechanisms could account for ultrafiltration failure. By itself, frequent peritonitis does not necessarily lead to loss of ultrafiltration. We have shown, however, that severe and prolonged peritonitis can lead to permanent peritoneal damage and ultrafiltration failure. This is more likely with severe Staph aureus and fecal peritonitis (18) .
Adhesions after surgery, according to the surgical literature, (19) (20) (21) (22) are mainly caused by foreign bodies and intra-abdominal infection. Ryan (19) and associates also evaluated the role of two common intraoperative peritoneal insults -drying of the serosa and contact with blood -and found that separately they do not induce adhesions. If these two insults occur concurrently, however, adhesions were consistently formed. These observations had been confirmed by other investigators (20) .
The difference in frequency of ultrafiltration failure and sclerosing peritonitis in various centers around the world stimulated an international study of CAPO patients. In this study the authors measured ultrafiltration and glucose absorption after a four hour hypertonic (4.25% glucose) exchange. The first report (23) of this study indicates that patients using only acetate dialysate had a lower average ultrafiltration volume and lower dialysate effluent glucose than patients using lactate buffered solution exclusively. It appeared that acetate buffered dialysate was associated with lower ultrafiltration and higher rate of glucose absorption. However, more extensive studies involving dialysate with lactate buffer in France also showed a low ultrafiltration and high glucose absorption (24) . Thus the acetate may. be only an innocent bystander. Unknown components of the dialysate manufactured in certain regions may cause change and damage to the peritoneum.
Another suggested explanation for the increased incidence of ultrafiltration loss in France was that many French patients were using in line filters to trap bacteria for prophylaxis of connection contamination and peritonitis (25) . It was postulated that metabolites from bacteria trapped on the filter could be washed into the peritoneal. cavity during each exchange, causing peritoneal damage.
Junor et al (11) reported on 11 of 162 patients who developed sclerosing peritonitis in Glasgow. These patients were also using a connecting system that allowed small quantities of an antiseptic spray, chlohexidine in alcohol, to enter the peritoneal cavity. This mixture injected into the peritoneum of rats would induce an inflammatory reaction in the submesothelial layer. The chronic exposure of the peritoneal membrane to this chemical mixture may lead to sclerosing peritonitis. Sclerosing peritonitis in the unit disappeared after discontinuing the use of chlorhexidine.
The low initial pH of the dialysis solution has been incriminated for peritoneal damage. However, the pH of the dialysate rises to physiological level within a short time period after infusion (26) . Whether repeated exposure to acidic dialysate could lead to permanent damages is unknown. Hypertonicity had also been incriminated but evidence is lacking.
Other causes that have also been incriminated as a cause of sclerosing peritonitis are formaldehyde, silica, talc, plasticyzers dissolving from the administration set or bags, endotoxins and beta blockers.
What can be done to preserve peritoneal function
The most common cause of peritoneal failure is peritonitis. This needs to be prevented in every CAPO unit. Early and adequate treatment can also prevent the development of ultrafiltration failure. Treatment of peritonitis should be started as soon as possible and the catheter should be removed if the patients do not respond to antibiotic treatment within a few days. Severe peritonitis that is not dealt with promptly may destroy the peritoneum permanently.
The use of particular brands of dialysate that have been related to high incidence of ultrafiltration loss should be avoided. New manufacturers of dialysate should exert extreme caution in quality control before releasing their products in the market.
Although there is no proven evidence that frequent use of hypertonic solutions may lead to ultrafiltration impairment, it may be a good practice for patients to reduce the need of hypertonic solution. By limiting fluid and at the same time using fewer hypertonic ex-changes, the patients can avoid persistent hyperinsulinemia, hypertriglyceridemia and suppression of appetite. The residual renal function should be utilized maximally by giving high doses of furosemide to help maintain fluid balance without using frequent hypertonic exchanges.
Since a combination of drying of the serosa in the presence of blood in the peritoneum would induce adhesion and histological damage, surgical procedures should be carried out with good indications, meticulous hemostasis and avoidance of serosal drying.
In the early stage of ultrafiltration failure, the patient can still be maintained on CAPO by using more frequent exchanges. In the more advanced stages, fluid balance can be maintained by either doing more frequent exchanges during the daytime and maintain a dry cavity during the night or doing peritoneal dialysis with a cycler during the night and maintaining a dry cavity during the day. In these patients, intermittent peritoneal dialysis in which the exchange will be short will remove adequate amounts of fluid and patients can continue on CAPO with supplementing one session of IPO or hemodialysis per week.
There have been anecdotal reports suggesting that after stopping CAPO for a few months ultrafiltration capacity may recover. Whether a "rest" and an overnight dry period always leads to improved ultrafiltration has not been studied extensively.
In our present state of knowledge, further research into the physiology of peritoneal dialysis, the pathophysiology of the peritoneal membrane and the effects of chronic peritoneal dialysis on this living dialysis membrane is clearly needed. 
